Haemagglutinating encephalomyelitis virus (HEV), a member of the coronavirus group, was adapted for growth in adult pig thyroid cell cultures and purified by ammonium sulphate precipitation and rate zonal centrifugation through sucrose gradients. Polyacrylamide gel electrophoresis of samples of purified virus revealed the presence of five polypeptides, four of which contained carbohydrate. The molecular weights of these proteins were I8OOOO (gp I8O), I25 ooo (gp t25), IOOOOO (gp IOO), 56o00 (p 56) and 26500 (gp 26"5). After treatment of the virus with the non-ionic detergent Nonidet P4o, two subviral components were isolated. As RNA-containing particle, sedimenting in sucrose gradients at the same rate as untreated virus, was analysed and found to contain two polypeptides, p 56 and gp 26"5. The second complex sedimented at a much slower rate and contained three glycoproteins gp I8O, gp t25 and gp too. Comparison of these findings with data published for other members of the coronavirus group is discussed.
INTRODUCTION
A disease causing an encephalomyelitis in suckling pigs was first described in Canada by Alexander, Richards & Roe (I959) . Richards & Savan (I96O) demonstrated that this disease was caused by a virus, which was later isolated in cell culture (Greig et al. I962) . Since that time the disease has been reported in the United States (Mengeling, Boothe & Ritchie, 1972) and in many European countries (Cartwright et al. 1969 ; Gotink et al. 1969 ; Pensaert & Callebaut, I974) . Two groups of workers showed that the isolated virus belonged to the coronavirus group (Greig, Johnson & Bouillant, I97I; Philip, Cartwright & Scott, I97I ) . The coronaviruses were classified as a separate virus group mainly on morphological grounds (Almeida et al. I968 ) and a report of the Study Group on Coronaviruses (Tyrrell et al. 1975) showed the gaps in our knowledge of their properties.
The polypeptide compositions of four viruses in this group have so far been described: human coronavirus strains OC43 (Hierholzer et al. I972) and 229E (Hierholzer, t976) ; a porcine coronavirus causing transmissible gastroenteritis (TGEV; ; and the avian coronavirus, infectious bronchitis (IBV; Bingham, I975; Collins, Alexander & Harkness, 1976) . Comparison of the polypeptide patterns obtained for the two human coronaviruses purified and analysed by the same techniques show marked similarities. Comparing these patterns with the published data for TGEV and IBV it would appear that the polypeptide structures of the latter are completely different. This may be due in part to the widely varying methods used for virus purification and analysis.
As the RNA extracted from TGEV and HEV was reported as being of similar size and configuration (Garwes, Pocock & Wijaszka, 1975) it was of interest to compare the polypeptide patterns of these viruses. This paper also reports the isolation of subviral components of HEV using the detergent treatment described by Garwes, Pocock, & Pike (1976) for TGEV and Kennedy & Johnson-Lussenburg (I976) for 229E.
METHODS
Virus. The FS 255 strain of HEV was obtained from Miss S. Cartwright (Central Veterinary Laboratory, Weybridge). This strain had been passaged twelve times through primary pig kidney cells and has since been passaged five times through secondary adult pig thyroid (APT/2) cells.
Cell cultures. APT/2 cell cultures were prepared and maintained as previously described .
Virus growth. Confluent monolayers of APT]2 cells in 4 oz flat glass bottles were inoculated with I ml of 5th APT]2 passage HEV at an input multiplicity of 0"5 to I -o p.f.u./cell. After a 1 h adsorption period at 37 °C, 9 ml of maintenance medium were added. The maintenance medium consisted of 199 medium (Wellcome Reagents Ltd, Beckenham, Kent) containing galactose in place of glucose, supplemented with I ~o bovine serum albumin (Fraction V, Armour Pharmaceutical Co. Ltd, Eastbourne, Sussex), 5 ~o tryptose phosphate broth (TPB, Difco Ltd, East Molesey, Surrey), o-I t ~o sodium bicarbonate, and penicillin, streptomycin and mycostatin at concentrations of IOO units, IOO #g and 25 units/ml respectively. For pH control 50 mi-N-2-hydroxyethylpiperazine-N'-2-ethanesulphonic acid (HEPES, Sigma London Chemical Co. Ltd, Kingston-on-Thames, Surrey) was added to the medium and the pH adjusted to 7"0 by the addition of 4 N-NaOH. The cultures were incubated at 37 °C for 36 h after virus inoculation when about 50 % of the cells were showing c.p.e.
Radioactive labelling. For virus containing radioactive leucine the maintenance medium was modified by using 199 medium from which leucine had been omitted, removing the 5 ~o TPB, and adding either L-4,5-3H-leucine (0.o2 mi: sp. act. 2 Ci/mmol) or L-U-14C -leucine (0.02 raM: sp. act. o'2 Ci/mmol).
For the production of virus containing labelled glycoproteins or RNA, normal maintenance medium was used with the addition of either D-6-3H-glucosamine (2. 7 ,UM: sp. act. 7"3 Ci/mmol) or 5-3H-uridine (0. 4 #i: sp. act. 26 Ci/mmol) respectively. All radioactive precursors were purchased from the Radiochemical Centre, Amersham, Bucks Radioactivity was determined with a Packard model 2425 liquid scintillation spectrometer using a Triton X-Ioofloluene scintillant.
Virus infectivity assay. Virus titres were determined by a haemadsorption plaque assay in APT/2 cells using a method similar to that of Mengeling (1972b) . Confluent monolayers seeded in 3o mm plastic Petri dishes (Sterilin Ltd, Teddington, Middlesex) were inoculated with o.I ml of virus dilution. After a I h adsorption period at 37 °C, the inoculum was removed and the dishes overlaid with 2. 5 ml of maintenance medium containing o-6 % agarose (Miles Seravac, Capetown). Plaques were visualized, after 48 h incubation at 37 °C, by the removal of the agar overlay and the addition of 1 ml o'5 % washed rat erythrocytes. Following incubation at room temperature for 3o min the non-adsorbed erythrocytes were removed by washing the cell sheets with PBS, and the plaques of haemadsorption could then be counted.
Virus haemagglutination (HA) assay. Titres of virus haemagglutinin were determined by the addition of 5o #1 1% washed rat erythrocytes to IOO/*1 of a series of twofold dilutions of virus. The assays were carried out in round-bottomed plastic microtitre trays (Sterilin Ltd, Teddington, Middlesex). Mixtures were examined for HA after 2 or 4 h incubation at 4 °C.
Virus purification. HEV was purified from tissue culture fluids by methods similar to those described by Garwes & Pocock (I975) for the purification of TGEV. After freezing and thawing the cultures once the cell debris was removed by centrifugation at I5ooog. Virus was concentrated by precipitation with 4o% saturated ammonium sulphate and after removal by centrifugation the precipitated material was dissolved in ~th the original volume of sterile distilled water. This material was then centrifuged at 7oooog through a lO%/6o% stepped sucrose gradient for 1 h. The lO%]6o% interphase material was collected, diluted with distilled water and centrifuged through a linear 2o to 45 % sucrose density gradient at 7oo0o g for 9o rain. After fractionation the virus containing fractions were pelleted at 15oooo g for 2 h, and the pellet taken up in distilled water,
Electron microscopy. Virus samples were examined, after negative staining with 2 % (w/v) potassium phosphotungstate, pH 7"o, with a Philips EM 3oo microscope at an accelerating voltage of 8o kV and instrumental magnifications of × 15ooo to 75ooo. Carbon-collodian coated grids were used as support which were treated with bacitracin as described by Garwes et al. (1976) .
Treatment of HEV with Nonidet/'4o. Samples of purified radioactive virus were treated
with either 1% Nonidet P4o (NP4o, B.D.H. Chemicals Ltd, Poole, Dorset) at 2o °C for 15 rain or with water under similar conditions as the control. Subviral particles and surface polypeptide complexes were recovered by linear sucrose gradient centrifugation, the details of which are described in the text.
Analysis of virus polypeptides.
The polypeptide content of purified virus and virus components was analysed by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) using 5 ~o gels cross linked with ethylene diacrylate and buffered with o-I Msodium phosphate buffer, pH 7-2, as described by Garwes et aL (1976) . All samples were dissociated and reduced at IOO °C with 1% SDS and 1% 2-mercaptoethanol, prior to electrophoresis. The gels were fractionated into I mm slices and after dissolving in I ipiperidine the radioactivity content was measured.
To determine the presence of any closely migrating protein bands samples of dissociated, reduced virus were analysed by slab gel electrophoresis using 7"5 ~o acrylamide gels by the method of Harris & Brown (I975) . Protein bands were visualized by the fluorographic method of Laskey & Mills (1975) .
RESULTS

Virus purification
HEV was purified by a series of rate zonal sucrose density gradient centrifugations after concentration of the tissue culture fluid by ammonium sulphate precipitation. Fig. I shows that during the rate zonal purification steps the HA activity occurred at the IO ~/6o sucrose interphase (Fig. I a) and as a single peak in the 2o ~ to 45 ~o sucrose gradient (Fig. I b) corresponding to a peak of radioactivity. When a sample of virus, pelleted from the HA containing fractions of the 20 9/o to 45 ~ sucrose gradient, was centrifuged through a linear I5 ~o to 3o ~o sucrose gradient (Fig. I c) two areas of HA activity were detected. One area was associated with a peak of radioactivity and the other a pellet. The pellet material probably occurred as a result of virus aggregation during the previous centrifuga- tion. As no further purification was achieved by this last gradient, it was omitted from the regular purification procedure. Samples for infectivity and HA assay were taken at various stages during the purification and the results are shown in Table I . Virus infectivity and HA were lost during both rate zonal centrifugation steps due to the selection of only the peak fractions containing most radioactivity and HA activity. Some of the apparent loss in the final step could be due to virus aggregation on pelleting. The infectivity to HA activity ratio remained constant in the purification samples between I-o and I "5 x :04 p.f.u./HA unit, suggesting a retention of virus integrity. A similar value was recently reported for samples, of the calf coronavirus (Sharpee, Mebus & Bass, 1976 Polypeptides of H E V and sub viral particles 49I Fig. 2 . Electron micrographs of typical coronavirus particles observed in (a) unpurified, and (b) purified preparations of HEV. Samples were negativeJy stained with 2 ~ potassium phosphotungstate, pH 7"0.
The morphology of virus particles before and after purification was checked by electron microscopy. Typical coronavirus particles were seen in both samples (Fig. 2a, b) with a range of diameter 8o to IOO nm, covered with surface projections I5 to 2o nm in length. These values are similar to those reported by other workers (Greig et al. I971 ; Philip et aL I97I ; Mengeling et al. i972) . There was no obvious loss of the characteristic surface projections from the virus after purification and the particles remained intact as indicated by the exclusion of the negative stain.
Analysis of HEV polypeptides
Separation of the poIypeptides by SDS-PAGE, from purified 3H-Ieucine labelled HEV revealed the presence of five major polypeptides (Fig. 3 a) . By the same technique, but using 3H-glucosamine labelled virus, four of these were shown to contain carbohydrate (Fig. 3 b) . The apparent molecular weights of these polypeptides were estimated by the comparison of their relative mobilities with those of proteins of known mol. wt. . The molecular weights determined for glycoproteins by SDS-PAGE are, however, probably overestimated due to their anomalous migration rates compared with globular proteins (Bretscher, 1971) . Reading from the left of the electropherogram (Fig. 3a) , the characteristics of the HEV polypeptides are: peak I, a glycoprotein of 18oooo daltons (gp i8o); peak z, a 125ooo dalton glycoprotein (gp I25); peak 3, a 1ooooo dalton glycoprotein (gp IOO); peak 4, a 56ooo dalton protein (p 56); and peak 5, a 265oo dalton protein (gp 26"5). The molecular weights are averaged from ten separate determinations. Analysis of the polypeptides by polyacrylamide slab gel electrophoresis failed to separate any closely migrating bands (Fig. 4) .
Isolation of an RNA containing subviral particle
When samples of NP 4o-treated ZH-uridine labelled HEV were centrifuged through linear 2o ~o to 45 ~ sucrose gradients, a single peak of radioactivity was observed (Fig. 5b) sedimenting at the same rate as untreated control virus (Fig. 5a ). The amount of radioactivity contained in both peaks was essentially the same. When the same technique was repeated using 3H-leucine labelled virus, again a single peak of radioactivity was observed ( Fig. 5c and d) . However, the number of counts associated with the treated virus peak was reduced and a large number of counts were found at the top of the gradient, probably as a result of partial virus breakdown and counts liberated from material shown as a shoulder on the main control virus peak. The HA activity associated with the peak of radioactivity was reduced in the detergent-treated preparations with large amounts occurring at the top of the gradient. Treatment of HEV with NP 4o therefore liberated a subviral component, sedimenting at the same rate as control virus, which contained RNA and a reduced amount of protein. The reduction in HA activity associated with this component suggests that detergent treatment of HEV liberated the haemagglutinin. Infectivity could not be found asso- ciated with the subviral particle preparations whereas control samples retained full infectivity. Electron microscopic examination of NP 4o treated virus (Fig. 6 ) revealed the loss of the surface projections from the particles. Removal of the lipid envelope was indicated by the penetration of the negative stain, which gave the particles the appearance of stranded material twisted to give an almost spherical body with, in some cases, the suggestion of a limiting membrane. Some particles, however, had a more exploded appearance possibly due to the breakdown of this outer membrane. The diameter of the vaguely spherical particles was 8o to Ioo nm, a similar value to that determined for the main body of complete virus, i.e. without spikes, indicating the expansion of the internal virus material when the restriction of the lipid envelope was removed.
PoIypeptide content of the RNA-containing subviral particle
Samples of subviral particles isolated fi'om NP 4o-treated, ZH-leucine labelled virus, were subjected to analysis by SDS-PAGE. The control consisted of 3H-leucine labelled virus After fractionation samples were assayed for radioactivity (0--0) and HA (hatched area). All centrifugations were from right to left, treated with distilled water and re-banded in a 20 % to 45 % linear sucrose gradient. All five major proteins were present in the control preparations (Fig. 7a) , whereas the polypeptide content of the subviral particle samples comprised mainly p 56 and gp 26"5. The amount of 26"5, however, fell by over 50 % in the subviral particle compared with the control. Small amounts of gp I8O, gp I25 and gp Ioo were detected in some preparations.
Isolation and analysis of a virus polypeptide complex
The result of centrifuging samples of NP 4o-treated 3H-leucine labelled HEV, through linear I5 , %o to 3o , %o sucrose gradients at zooooo g for I6 h, is shown in Fig. 8 (a) . A pellet comprising the RNA-containing subviral particles was observed which after resuspension in o'25 ml distilled water contained 85oo ct/min in 25 #1. The peak of radioactivity (fraction 5) and the resuspended pellet contained HA activities of 640 and I28o HA units/ml respectively. When control preparations, using distilled water in place of detergent, were centrifuged in a similar way all the counts and HA activity were contained in a pellet.
Examination of the peak fractions by SDS-PAGE revealed the presence of three polypeptides (Fig. 8b) corresponding to gp [8o, gp I25 and gp ~oo. 
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DISCUSSION
Polyacrylamide gel electrophoretic analysis of purified preparations of HEV revealed the presence of five major polypeptides, four of which were shown to contain carbohydrate. Two subviral complexes have been isolated from NP 4o-treated virus samples; one, which contained the virus RNA and two of the polypeptides (p 56 and gp 26"5), sedimented through sucrose gradients at the same rate as whole virus. The other, which contained the remaining three proteins (gp 18o, gp 125 and gp IOO), sedimented at a much slower rate.
It is of interest to compare the polypeptide pattern obtained for HEV with that reported for other viruses of the coronavirus group. The polypeptide profile of TGEV was reported by Garwes & Pocock (I975) . Using similar techniques as described here, they showed this virus to contain four major polypeptides. For ease of comparison, the polypeptide nomenclature used in this report has been applied to the published data for other coronaviruses and the results are summarized in Table 2 . Comparison of the published patterns for the human strains OC43 and 229E (Hierholzer et al. 1972; Hierholzer, 1976) shows marked similarities, but this is not so when comparing this type of pattern with TGEV and HEV. One striking feature common to three of these viruses is the presence of only one nonglycosylated protein, whilst OC43 contains two. In TGEV this protein is probably complexed with the RNA (Garwes et al. I976) In a recent publication, Garwes et al. (1976) reported the isolation of an RNA-containing subviral particle from NP 4o-treated TGEV. By electron microscopy these particles had a diam. about to to 20 nm less than that of the intact virus particle, and had a tendency to aggregate into large clumps. Similar particles were isolated from HEV by the same technique but they shared neither of these two properties, their diameter being the same as control virus particles, and they tended to spread evenly. In some preparations particles were observed with a more exploded appearance revealing a thread-like substructure, a feature similar to that reported for detergent-treated human coronavirus 229E I976) . Garwes et al. (I976) reported the presence of three virus polypeptides associated with TGEV subviral particles, p 50, gp 30 and gp 28"5 and suggested that the two glycoproteins form a shell around a ribonucleoprotein complex containing p 50. in this report only two proteins could be found associated with HEV particles, but a similar configuration can be postulated with p 56 and the virus RNA giving the ribonucleoprotein complex and gp 26"5 forming a matrix around it. Mengeling et al. (1972) observed by electron microscopy that when HEV attached to chicken erythrocytes the main body of the virus was located to to 15 nm from the erythrocyte membrane suggesting that the haemagglutinin was associated with the virus surface projections. Isolation of a subviral component of HEV containing three glycoproteins gp 18o, gp I25 and gp ioo was achieved using similar techniques to those used for the preparation of TGEV surface projections (Garwes et al. 1976) . It is therefore likely that this complex represents the surface projections of HEV although it is possible that after the removal of the virus lipid any surface protein components may form complexes due to the hydrophobic nature of their membrane attachment sites. In this report we have shown that this complex exhibits HA activity and is probably responsible for this property in complete virus. The residual HA activity associated with the RNA-containing subviral particle could be due to the incomplete removal of the surface projections. This is indicated by the presence of trace amounts of gp 18o, gp ~25 and gp IOO in the electropherograms of these particles. Work is in progress in an attempt to successfully characterize HEV haemagglutinin.
Concentrated culture medium from HEV-infected swine kidney cell cultures has been shown to contain three precipitating antigens (Mengeling, 1972 a) . It should now be possible to determine if these antigen s contain structural or non-structural HEV polypeptides and therefore give an insight into the immune mechanism initiated by the virus during disease.
